and was found to be mutated in 12 separate SCIDX1 families7-9 indicating that mutations in this gene are responsible for SCIDX1.
combined immunodeficiency (SCIDX1) in which genetic prediction of carrier status was made using X chromosome inactivation studies together with limited genetic linkage analysis. Linkage studies in this family showed a confusing pattern of inheritance for the X chromosome. A female with a random pattern of X chromosome inactivation in her T celis appeared to have inherited an X chromosome with four recombinations within 10 cM. The odds of this happening in a single meiotic event make this an unlikely explanation. Data obtained from studying the X chromosomes of her two unaffected sons showed that this could be explained simply on the basis ofher having inherited three alieles each of the relevant polymorphic DNA loci. We used fluorescent in situ hybridisation (FISH) to confirm that this person had inherited three complete X chromosomes. Thus, although the results from X chromosome inactivation analysis indicated that this subject was not a carrier of the affected chromosome, FISH and genetic linkage analysis showed clearly that the affected chromosome had been inherited. The were detected by Southern blot analysis of genomic DNA, using the specific probes and conditions described previously." In addition, dinucleotide repeat polymorphisms at DXS44 112 and PY2-31,'3 close to PGK1, were amplified as described, but with slight variations: (32P)-dCTP was included in the reaction mixture rather than an end labelled primer, and 30 amplification cycles of 940C for 30 seconds, 50°C (PY2-31) or 600C (DXS441) for 60 seconds, 72°C for 30 seconds, were used. Following amplification, alleles were separated on 6% denaturing polyacrylamide gels and detected by autoradiography. The SSCP in intron 1 of the IL2RG gene7 was amplified as described above but with a 55°C annealing temperature. Following amplification, the intron 1 product was digested with 10 units of BglII for one hour at 37°C; 10 jl of the digested PCR product was analysed on a 1-5% agarose gel, and samples diluted between two and nine times in 10mmol/l EDTA, 0 1% SDS dependent on the efficiency of amplification. An equal volume of a solution containing 95% deionised formamide, 20 mmol/I EDTA, 0 05% bromophenol blue, and 0 05% xylene cyanol was then added and samples denatured at 950C for three minutes and plunged into group.bmj.com on April 9, 2017 -Published by http://jmg.bmj.com/ Downloaded from ice before 4,l was loaded onto a 6% nondenaturing polyacrylamide gel containing 10% glycerol, alongside an undenatured control sample. Gels were run at 4°C at 60 W for at least 5-5 hours, and alleles visualised by autoradiography. The dinucleotide repeat at the DXS995 locus was used as described. '4 The genetic and physical order of these markers, which extend over approximately 16 cM,'5 is as follows: DXS159-DXS- Figure 2 Pedigree of the family showing the inheritance of trisomy X. Symbols and numbers are described in the legend to fig 1A. 
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--2 -3 1 2 3 4 5 6 7 Figure 3 Inheritance of alleles at DXS995. A partial pedigree is shown above the gel, corresponding to the loading of lanes 1-7. The alleles are labelled to the left of the figure. Although a number of "shadow" bands are present, it is apparent that II-4 has inherited all three alleles (alleles 1 and 2 can be distinguished on the basis of inheritance by her two sons).
Results
The results of linkage studies in this family are shown in fig IA. A recombination between the markers DXS 159 and DXS 106 in subject II4, a female with no affected sons, was described previously.20 X chromosome inactivation studies in the T cells of this person suggested that she was unlikely to be a carrier of SCIDX1 since the inactivation pattern appeared to be random. 20 Further linkage studies showed a second recombination in the same chromosome, between the markers DXS347 and PGK1, suggesting that subject II-4 had inherited the carrier chromosome in the region of the IL2RG gene. However, analysis with the SSCP in intron 1 of IL2RG showed that the normal copy of this gene had been inherited (fig 1B) , suggesting a further two recombinations in this chromosome. Results using the hypervariable markers D7S2 1, D7S22, and D15S86 indicated that paternity was likely to Figure 4 FISH analysis of a metaphase spread from a T cell of subject II4, showing the presence of three complete X chromosomes ("painted" white).
be as assigned, and that the DNA from subject II-4 had not been contaminated by DNA from other members of the family (results not shown).
We then studied the two unaffected sons of subject 11-4 and showed that one, subject III-2, had inherited the grandpaternal chromosome. However, the second son (subject III3) appeared to have inherited a chromosome with four recombinations (fig IA) . According to Drayna and White,2' between one and four recombinations would be expected on the X chromosome in each meiosis. However, in this family, four recombinations appear to have occurred within only a very small region of the X chromosome in two separate meioses. Since the probability of this occurring is therefore very low, we looked for a simpler explanation for the inheritance of alleles in this family. Since subject III-3 had inherited the same chromosome as his uncle (IIf7) it seemed likely that his mother (II-4) had also inherited this chromosome. The confusing pattern of alleles in subject II4 could therefore be because of the presence of a third chromosome as a result of a non-disjunction event in the gamete from 1-2 (fig 2) .
In order to test this theory, we first used the hypervariable microsatellites DXS986, DXS995, and DXS1002 to try to identify all three chromosomes inherited by subject II-4. Only DXS995 was found to have different alleles for the three chromosomes, and subject II-4 was found to have inherited all three of these alleles (fig 3) . We then used FISH analysis on interphase lymphocytes from subject II-4 using a satellite chromosome specific probes for chromosomes X and 7 (as a control). This showed that subject II-4 had three copies of the X chromosome specific probe in her cells, as opposed to only two copies of the chromosome 7 specific probe as expected (data not shown). Finally we repeated FISH on dividing T cells using an X chromosome specific paint, and showed the presence of 47 chromosomes, with three complete X chromosomes, in 10 out of 10 separate metaphases from the cells of subject II-4 ( fig 4) . 
